Mediating impact of manufacturing technology, lean and strategic flexibility on manufacturing performance by Mohamed Ismail, Risyawati et al.
 
 
 
Full paper Jurnal Teknologi 
Mediating Impact of Manufacturing Technology , Lean and Strategic Flexibility on 
Manufacturing  Performance  
 
Risyawati Mohamed Ismaila* Razli Che Razak b Halim Mad Lazim c 
 
a,c School of Technology Management and Logistic, College 
of Business, University Utara Malaysia, 06010 Sintok, Malaysia 
 b Faculty of Entrepreneurship and Business,  Universiti 
Malaysia Kelantan,Pengkalan Chepa,16100, Kelantan. 
 
*Corresponding author: 
risyawati@uum.edu.my 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
In respect of Malaysian lean manufacturer; there has been insufficient research on 
what are the winning formulae to overcome the mounting challenges from the 
business environment. In this study, three identified strategies i.e lean, 
manufacturing technology and strategic flexibility, that could positively improve 
manufacturing performances, are investigated in depth. The research approach 
used was quantitative with data analyzed using SmartPLS. Results from this study 
also emphasize several interesting quasi - paradoxical  relationships which implied 
that Malaysian lean manufacturers prefer a cautious approach towards 
manufacturing technology implementation, preferring to incorporate technology 
in a more stable business environment and view strategic flexibility as unfavorable 
toward performance improvement.  In conclusion, this study manages to produce 
a strong predictive strategy-performance model, which explains the mediation 
impact of manufacturing strategies on external environmental factors and 
manufacturing performance. 
Keywords: Lean, manufacturing technology, strategic flexibility, performance 
ABSTRAK  
Merujuk kepada pengilang lean Malaysia; terdapat kajian yang tidak mencukupi 
mengenai apakah formula terbaik untuk mengatasi cabaran yang semakin 
meningkat dari persekitaran perniagaan. Dalam kajian ini, tiga strategi  iaitu lean, 
teknologi pengilangan dan fleksibiliti strategik, dikenal pasti apabila dilihat 
berpotensi boleh meningkatkan prestasi pengilangan, untuk dikaji secara 
mendalam. Pendekatan kajian yang digunakan ialah kuantitatif dengan data 
dianalisis menggunakan SmartPLS. Hasil daripada kajian ini juga menekankan 
beberapa hubungan kuasi paradoks yang menarik di mana pengilang lean di  
Malaysia didapati mengambil pendekatan yang lebih berhati-hati ke arah 
pelaksanaan teknologi pembuatan, lebih suka untuk menggunakan teknologi 
pengilangan dalam persekitaran perniagaan yang lebih stabil dan melihat 
fleksibiliti strategik sebagai tidak menyumbang ke arah peningkatan prestasi. 
Kesimpulannya, kajian ini berjaya menghasilkan model strategi ramanlan prestasi 
yang mantap, yang menerangkan kesan pengantaraan strategi pembuatan 
terhadap hubungan antara faktor persekitaran luaran dan prestasi pengeluaran. 
 
Kata kunci : Lean , teknologi pembuatan, fleksibiliti strategik , prestasi 
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1.0  INTRODUCTION  
 
Malaysia’s development has been largely fuelled by 
export-led growth. However, globalization has 
increasingly intensified competition and has 
sharpened the distinction between victors and losers.  
As a nation, Malaysia is an open economy, which 
depends heavily on external trade to achieve its 
economic growth [7, 28, 75, 128, 142]. Given the 
openness of its economy, the negative wealth effects 
of the global crisis on demand and world trade have 
resulted in a decline in Malaysia’s industrial production 
and manufacturing exports. Due to a relatively small 
population, Malaysia’s domestic market is insufficient 
to finance additional growth for its economy. 
Consequently, international trade has been crucial in 
the development of the Malaysian economy, and 
foreign trade has been a significant and substantially 
increasing portion of the nation’s gross domestic 
product (GDP) over the last  
three decades [128]. The findings from a study by [52] 
suggest that trade is an important variable in 
promoting economic growth for Malaysia, hence, its 
exposure to international instability is inevitable.  Due 
to such heavy dependence on external trade, 
Malaysia’s economy can be considered sensitive to 
any external shocks that could range from economic 
crises to intensifying global competition.  
 
In the context of this research, the focus remains on 
the manufacturing sector for several reasons.  Firstly, 
manufacturing has emerged as a leading sector in 
Malaysia in terms of adopting new operating and 
quality practices, and these practices are driven 
primarily by competitive rather than regulatory forces.  
Secondly, the industry is heterogeneous in terms of 
sub-sectors and product/process complexity. Thirdly, 
manufacturing is a very important sector in Malaysia. 
According to the Tenth Malaysia Plan 2011-2015, the 
manufacturing sector contributed 26.7% to Malaysia’s 
gross domestic product in 2012. Exports from the sector 
constituted 80.5% of total merchandise exports.  The 
electrical and electronics (E & E) industry is the largest 
single contributor with 26.1% of manufacturing output, 
and the largest employer at 40.0% of total 
manufacturing labor.  
 
Due to such an important role, the manufacturing 
sector remains as the major and crucial indicator of 
the Malaysian economy. Thus, increasing global 
competition with customers demanding higher 
product quality, greater product selection, and 
superior customer service amid rising input costs have 
led many Malaysian manufacturing companies to 
adapt, adopt and develop various operational 
strategies in order to minimize wastage and defects, to 
improve product quality, and to sustain profitability 
and overall performance. Manufacturers face an 
unprecedented force from foreign products, new 
product introduction by competitors, rapid 
technological innovation and shorter product life 
cycle and changes in customer demands [35,47, 133]. 
To cope with these uncertain environments, 
manufacturers must continuously examine their 
strategies, practices, capabilities and identify the 
impact between these elements and their 
performance [42,65]. In searching for a new 
manufacturing paradigm, existing prominent 
manufacturing practices, such as lean manufacturing, 
have been chosen by some Malaysian manufacturers 
to mitigate external environmental factors, such as 
global competition, escalating raw material cost, 
supply chain variability, intensifying complex and 
hostile business environment.   
 
However, implementing strategies take a lot more 
than just adopting a system or a proven strategy. 
Manufacturing strategy has been broadly defined and 
approached, providing various positive alternatives for 
manufacturers, but, at the same time, making the 
process more complicated and complex. In the 
current competitive environment, complemented by 
the advancements in technology, trade agreements 
and an open market; manufacturing strategy has 
continued to receive significant and serious attention 
from researchers. The consensus is that if 
manufacturers fail to recognize the relationship 
between manufacturing strategy and their business 
environment, and how it impacts their performance, 
they will be saddled with a noncompetitive production 
system that will be costly, rigid and out of date [65, 
106, 113, 135, 124]. Such a predicament will be fatal for 
manufactures, preventing them from becoming 
dynamic enough to respond to any challenge 
surrounding their operations [53]  
 
2.0 MALAYSIAN MANUFACTURER’S  
      PERFORMANCE  
 
The influx of foreign products, new product 
introduction by competitors, shorter product lifecycle, 
rapid technology updates, and changes in customer 
demand have forced manufacturers to re-examine 
their current strategy and achievements [8, 34, 131]. 
With such a dynamic environment as in Malaysia, 
manufacturers also face a high level of uncertainty 
caused by these ongoing changes.  The electronics 
industry, which had been shown earlier as Malaysia’s 
main export earner since 1974, and the leading 
contributor of employment, has experienced a 
performance downturn since 1997.  Unlike the 
experience of Korea and Taiwan where their locally 
owned firms have driven the catch-up process [10, 11, 
98], multinational corporations (MNC) dominated 
electronics production and exports in Malaysia [99]. 
Thus, any threat to these overseas corporations would 
undeniably affect their plants located in Malaysia and 
any form of recovery plans would be more 
complicated due to the characteristics of MNCs itself. 
A similar effect can be observed in the supply chain of 
these manufacturers due to their global links to their 
suppliers and vice versa.  
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Malaysia is a small country with a small local market, 
thus heavy dependence on export performance is 
unavoidable. This means that any changes in the 
global economy will have a more focal and significant 
impact on the local manufacturers. The downslide of 
manufacturing performance in Malaysia was in 
tandem with the decline in the global market shares of 
exports. In 2009 alone, the Productivity Report posted 
a massive drop of 8.6% in terms of total manufacturing 
productivity due to a deterioration of the electrical 
and electronic product cluster, which contracted to a 
share of about 22.8%. Since manufacturing constitutes 
the largest single component of Malaysia’s economy, 
without doubt, sluggish manufacturing performance 
will also affect the nation’s overall economy. 
 
2.1 External Environmental Impacts on Malaysian 
Manufacturers 
 
Due to the heavy dependence on global trading 
partners and with the concept of an open market, 
Malaysian manufacturers cannot avoid being 
affected by changes in their surrounding environment.  
Various researches have been conducted to confirm 
this relationship in the context of this country. For 
instance [128] whom investigated the 
interdependence of Malaysia’s economy on other 
countries , especially its trading partners using business 
cycle analysis.  In this study, the business cycle 
concept was studied using two dimensions of cyclical 
fluctuation – growth rate and growth cycle.  Growth 
rate cycle assumes that the growth rate of an 
economic indicator is cyclical while growth cycle 
focuses more on estimating the long-term trend of 
economic time series.  The main objective of this study 
was to provide evidence for the decoupling 
hypothesis, and whether Malaysia’s economy is 
influenced by instability in the economies of other 
nations. One of the observations in this study was the 
fact that the period of financial instability in the 
international market also coincided with Malaysia’s 
cyclical turns, for example, the evidence concerning 
the US 2007/2008 debt crisis in which the Malaysian 
economy was also impacted. However, another 
observation from the same study suggested that 
Malaysia’s economic recession did not arise from the 
slower demand of advanced economies.  
Nevertheless, the scholar did note that his finding was 
only based on judgment rather than the appropriate 
use of statistical tools and suggested that future 
research should revisit the issue through the means of 
statistics. 
 
Another research concerning Malaysia’s trade 
performance in relation to its trade partners was 
conducted by [75]. Again, this researcher also pointed 
out that Malaysia’s economy is too sensitive to external 
shocks.  One cited incident was during the period from 
2000 to 2005, when instability in the US economy 
played a relatively important role in inducing domestic 
production and value added strategies for Malaysia.  
The findings from this study pointed out that the 
financial recession of most Asian countries in 1997 
affected Malaysia’s overall export performance and 
also caused imports to drop, particularly in relation to 
the manufacturing sector.  Thus, when there was an 
upswing in 2007, it was associated with the robust 
global economic recovery and the efforts of the 
government in sending out trade missions to open new 
markets.   
 
The extent to which external environmental factors 
significantly impacts manufacturing performance has 
been empirically documented in previous research. To 
a large extent, the external environmental factors of 
any organization determine its adopted strategy for 
reaping the competitive advantage [81,90].  External 
environmental factors have been empirically proven 
as crucial elements that affect manufacturing 
performance.  Firms that respond correctly to external 
environment factors and align properly with the firm 
strategies, perform better [8,61,124, 135].  In order to 
be competitive and ensure survival, manufacturers 
need to respond rapidly to a changing environment 
[38, 66, 47, 42, 117].  [80] and [42] reported how 
external environmental factors, such as changes in 
demand, customer requirements and overall 
uncertainty could have a negative impact on the 
growth, output, operation and strategies of firms.   
 
3.0  MANUFACTURING STRATEGIES  
 
The link of manufacturing strategies to performance 
has been discussed by various scholars. The 
manufacturing strategy determines how 
manufacturing resources and capabilities are 
deployed based on the process, content and 
implementation [20,54].  With the progress made from 
the seminal work of [54,57,118], the conventional 
manufacturing strategy paradigm has been changing 
and evolving. Core manufacturing concepts, such as 
manufacturing practices, capabilities and world class 
manufacturing process, have been challenged and 
improved.   
 
3.1 Lean as a Manufacturing Strategy 
 
Lean manufacturing has received notable approval 
among researchers, as being able to improve 
productivity through a reduction of waste [24, 25], 
added value to product [123], and basically improving 
the majority of operational keys, such as the reduction 
of lead time, better inventory level as well as unit cost  
[24,84, 136], which, in turn, allow improvement against 
competitors. Regardless of whether the manufacturers 
make highly differentiated products with a few models 
or use repetitive configurations, or vary in terms of the 
industry in which they operate, lean has proven to be 
superior and beneficial [40, 55, 126].   
 
The lean strategic approach is based on the 
assessment of lean as a strategy to improve 
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performance [5] showing that organizations achieve 
higher performance through the management of their 
manufacturing strategy.  Such an outlook indicates 
that the complementary aspect between strategy 
and performance is crucial when pursuing long-term 
benefit [17, 73,78, 122].  It has been recognized that a 
strategic approach is necessary in explaining how the 
practice of lean helps improve performance [16,127, 
130]. These aforementioned scholars summed up the 
claim that lean as a strategy can bring significant 
competitive advantage when it is exploited in the 
long-term for the development of specific capabilities 
of the organization. 
 
3.2 Manufacturing Technology as a Strategy 
 
Manufacturing technology can be strategically used 
to achieve a sustainable competitive edge and 
enables manufacturers to acquire a superior 
performance position [70,83]. The strategic 
implementation of manufacturing technology allows 
manufacturers to respond to demand uncertainty and 
increases their competitive advantage [44,48].  
Strategic technology choice enables the company to 
not only focus on the implementation of the 
technology but also on how effective the investment is 
toward the performance of the manufacturers. From a 
strategic perspective, manufacturing technology acts 
as a tool used by firms to adapt and react to the 
increasingly volatile and complex business 
environment [95,120]. Another researcher [94], 
reported that two out of six strategic characteristics of 
the most successful companies are the willingness and 
ability to acquire technology and take technology 
risks. These strategic advantages are crucial factors 
that have been noticed and adopted successfully by 
Japanese manufacturers [95].  The acquisition of 
appropriate technology is very important to enable a 
competitive advantage to be gained [21, 46, 103]. 
 
3.3 Strategic Flexibility as a Strategy 
 
Strategic flexibility enables the manufacturers to better 
deal with the dynamic and changing environment 
and aids them in adopting a strong stance against the 
threats from competitors [58, 72, 109, 121].  Flexibility 
has started to occupy a centralized position in how 
manufacturing could be strategically developed to 
play an important part in acquiring competitor 
advantage [35,49,119]. Flexibility has been widely 
defined by different researchers, proving it to be a 
multifaceted concept. [114] identified at least 50 
different definitions of flexibility as of the multitude of 
facets provided by [49] and [35]. However, 
consolidation of these ideas firmly points to the 
importance of flexibility as a ‘tool’ or prerequisite to 
effectively respond to changing market needs [13, 
18,44] and how it enhances performance [32,58,104]. 
Strategic flexibility has been viewed by various scholars 
namely [60, 66, 101] as a crucial factor for global 
companies in order to compete and survive in an 
open market, which is also a similar requirement and 
challenge for Malaysian manufacturers. 
 
4.0  IMPLEMENTING MULTIPLE STRATEGIES 
 
Earlier researchers namely [30, 100, 135] unanimously 
agreed that firm performance is the consequence of 
several elements within the firm that integrate and 
support each other.  [135] and [100], all supported the 
supposition that compatibility among such factors, e.g. 
strategy, structure and technology, would enhance 
organizational performance. This shows how the 
implementation of strategy and practices is not a 
standalone element, but requires compatible addition 
in order to significantly impact the strategic outcome. 
Such a requirement might be the reason behind the 
unsuccessful implementation of lean. The suggestion 
that lean is not a piecemeal approach is also 
supported by various lean researchers namely [51,111, 
115, 116].  Recent literature often mentions automation 
as part of the strategy that should be incorporated 
more prominently in lean implementation [26,53, 79].  
Inevitably, in discussing the topic of automation in lean 
as a strategy, flexibility comes into perspective. 
Flexibility has long being linked to manufacturing 
technology. Firms choose to invest heavily in hard and 
soft production technology in order to increase their 
capability to be flexible [15,19, 45,58]. At the 
operational level, such an investment will ensure lower 
machine breakdown, and more product variety, etc., 
while accumulation of operational flexibility will enable 
the achievement of strategic flexibility for the firms; a 
notion supported by [36]. Although lean 
manufacturing is undoubtedly superior [3,6,115], the 
low success rate [12, 96,111] has resulted in 
manufacturers and researchers looking for ways to 
enhance their chosen strategy in order to improve the 
outcome of their manufacturing performance.  From 
the review of the literature, manufacturing technology 
and strategic flexibility have a part in making lean 
work for manufacturers through indirect effects on the 
performance, thus proposing a multiple mediation 
relationship.    
 
5.0  RESEARCH QUESTIONS 
 
From literature review, the following research questions 
are derived: 
 
RQ1 – Do external environmental factors (EEF) have an 
impact on the performance of Malaysian 
manufacturers?   
          
RQ2 – Do external environmental factors have an 
impact on the implementation of manufacturing 
strategies, such as manufacturing technology (MT), 
lean manufacturing (LM) and strategic flexibility (SF)?      
 
RQ3 – Do manufacturing strategies, such as 
manufacturing technology, lean manufacturing and 
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strategic flexibility, have an impact on the Malaysian 
manufacturing performance (MP)?      
 
RQ4 – Do manufacturing strategies, such as MT, LM 
and SF, mediate the relationship between EEF and 
Malaysian MP? 
 
6.0  DATA AND METHODOLOGY 
 
The population of this study consists of Malaysian 
manufacturers located throughout Peninsular 
Malaysia. Due to the fact that lean manufacturers 
were not listed in any databases, the selection of the 
sampling frame had to be based on available data 
from previous research in the area of lean. Based on 
previous research, the local industries known to 
implement lean are electrical and electronic, 
automotive and aeronautical. Therefore, the industries 
selected for this study comprise of electrical and 
electronic, automotive and aeronautical.  The list of 
manufacturers was sourced from the FMM Directory 
2010, including the main manufacturers as well as the 
supporting industries. The stratified proportionate 
sampling method was used in this research. Based on 
[69], a minimum sample of 291 is an appropriate 
sample size for a population of 1,200 to 1,300.  
However, due to the expectation of a low response 
rate (at around 12%), which is common among 
Malaysian manufacturers, as exhibited in previous 
studies [62, 139], the researcher decided to implement 
over sampling.  A low response rate would prove to be 
a problem during the data analysis using SEM as at 
least 100 usable samples are required [23]. Therefore, 
in order to achieve the maximum number of usable 
samples, the number of questionnaires sent out was 
increased by 50%.   This method of over sampling is not 
new to the field of social sciences.  Scholars, such as 
[107], have suggested the over sampling method 
where sample sizes are increased by 40-50% to make 
up for unusable responses and low response rate. [132] 
also stated that in such circumstances, a larger sample 
would help reduce the sampling error and avoid 
failure to detect actual relationships in any actual 
given population. Based on these arguments, the 
researcher decided that it was justifiable to send 
questionnaires to all the lean manufacturers. Therefore, 
after factoring the 50% increase, the number of 
questionnaires sent out in this research was 437.  
 
7.0  MEASURING THE VARIABLES 
 
7.1 Manufacturing Performance 
 
Manufacturing performance is best measured using 
both nonfinancial and financial measurement [2]. 
Therefore, in the context of this study, manufacturing 
performance was measured using both dimensions.  A 
ten-item measurement, which was adapted from [36, 
63, 97,124], was used in this study to assess 
manufacturing performance. It is important to include 
nonfinancial measures as it broadens the spectrum of 
control by avoiding short- sighted measurement while 
financial measurement is heavily favored as it is 
directly linked to the outcome of the implemented 
strategies [36]. Nonfinancial measures included market 
share, sales growth, quality performance as well as 
end product/process innovation. The manufacturing 
performance measurement for this study used interval 
scales. 
 
7.2 Lean Manufacturing 
A forty-eight item measure adapted from [115, 116] 
was used to measure lean manufacturing. The 
questions measure nine dimensions that collectively 
and additively contribute to the forming of lean 
manufacturing practices.  These dimensions were (1) 
supplier management, (2) just-in-time delivery, (3) 
customer involvement, (4) pull production, (5)flow 
production, (6)setup time reduction efforts, (7)total 
productive/total preventive maintenance, (8) 
statistical process control, and (9)employee 
involvement. The respondents were asked to rate their 
lean manufacturing implementation level within their 
own manufacturing facility. 
 
7.3 Manufacturing Technology 
 
Nineteen item measures were adapted from [125] and 
[68] to measure the level of manufacturing technology 
usage by different manufacturers. Manufacturing 
technology is usually measured by the level of 
investment, level of adoption and level of benefit from 
implementing these strategies.  However, measuring 
the benefit is problematic due to manager’s inability 
to accurately gauge the benefit due to their limited 
knowledge of certain technologies .As for the level of 
investment made on the technology, even though 
previous scholars [68,112] indicated that the 
performance in SMEs increased significantly with 
increased investment in manufacturing technology, in 
the context of this study it was not included due to the 
difference between the financial capability of MNC 
manufacturers compared to their smaller counterparts. 
This study focuses on lean manufactures regardless of 
their size, thus measuring the manufacturers’ level of 
investment in technology despite the different 
financial vigor would yield a distorted outcome. These 
measures were formed from four dimensions of 
manufacturing technology, which were grouped into 
information exchange and planning technology, 
production design technology, high volume 
automation technology and low volume flexible 
automation based on the earlier work by [125] and 
[68]. The respondents were asked to rate the usage of 
manufacturing technology for their organization within 
their operation. 
 
7.4 Strategic Flexibility 
 
Strategic flexibility was determined using a fourteen 
items measure, adapted from [71,105,114]. In this 
study, the measures for strategic flexibility were 
6                                                          
 
 
adapted from the dimensions; namely, capacity 
change, process efficiency and product 
development. The respondents were asked to rate 
their organization’s ability in making strategic changes 
within their operation.   
 
7.5 External Environmental Factors 
 
To a large extent, the external factors of any 
organization determine its adopted strategy for 
reaping the competitive advantage [81,90].  Due to 
the vast number of environmental factors, the 
selection of which factor to focus on depends on the 
research objectives itself. In the scope of this study, 
dynamism and hostility are the two dimensions used to 
measure the external environmental factors. Despite 
various factors, dynamism and hostility are the two 
most measured factors in various business environment 
studies [82, 88, 138].  External environmental factors 
were measured using twelve items, adapted from 
[8,29, 71,79,86, 76]. In this study, the measures of 
environmental factors were adapted from its 
dimensions, i.e. dynamism and hostility. Summation of 
hypotheses tested in the study were : 
H1: A lower level of external environmental factors 
positively impacts manufacturing performance. 
H2a: A lower level of external environmental factors 
negatively impacts lean manufacturing 
implementation. 
H2b: A lower level of external environmental factors 
negatively impacts manufacturing technology 
implementation. 
H2c: A lower level of external environmental factors 
negatively impacts strategic flexibility 
H3a: Higher lean manufacturing implementation will 
positively affect manufacturing performance 
H3b: Higher strategic flexibility implementation will 
positively affect manufacturing performance.     
H3c:Higher manufacturing technology implementation 
will positively affect manufacturing performance.   
 
8.0  RESULTS  
The respond rate was at 19.4%, where all the 
respondents were from the E&E and automotive 
sectors, with no response from the aeronautical 
industry being received. Collected data was analyzed 
using SmartPLS. 
 
8.1 Quality of Measurement Model 
As suggested by [50], 0.5 was used as the minimum 
value for significant loadings.  As the measurement 
items for this study were based on previous studies and 
had been tested before, with a strong showing of 
instrument validity value, 0.5 was chosen and used as 
the minimal cutoff point for factor loadings.  Examining 
the loadings for each of the seven constructs; out of 
103 items, 14 had loadings of less than 0.5, and, thus, 
were eliminated. In total, 13.6% of the items were 
taken out during measurement model validation. All of 
the remaining elements met the 0.5 threshold, 
signifying that the measures were adequate in their 
validity individually. The composite reliability for all 
constructs, is more than 0.7, and, thus, is reliable, while 
all of the average variance extracted (AVE) was 
greater than the recommended 0.50 level. Thus the 
measurement model is deemed valid and reliable for 
this research.  
 
8.2 Structural Model 
 
Given the adequate measurement model, the 
hypotheses of the study could be tested by examining 
the structural model. Mediation studies using PLS 
consist of several alternative approaches, and, for the 
purpose of this research, the researcher chose the 
bootstrapping approach.  The research framework for 
this structural model consisted of five variables namely 
independent variable i.e. EEF, mediating variables, 
which are LM, SF and MT; and lastly dependent 
variable i.e. MP.  The following Figure 1 shown the 
structural model tested.  
 
Figure 1  Tested model 
 
 
 
 
 
 
Note: 
EEF= external environmental factor,  
MT=manufacturing technology 
LM=lean manufacturing 
SF =strategic flexibility 
MP = manufacturing performance 
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Meanwhile, Table 2 shown the result for hypotheses tested. 
 
 
Hypothesis 
 
Path 
 
 
Beta 
 
 
Standard 
Error 
 
t value 
 
 
Decision** 
  
H1 EEF--MP 0.301 0.079 3.793 Supported 
H2a EEF—LM -0.280 0.157 1.781 Supported 
H2b EEF—SF -0.477 0.098 2.280 Supported 
H2c EEF--MT 0.224 0.127 3.536 Supported 
H3a LM--MP 0.338 0.107 3.163 Supported 
H3b SF—MP -0.206 0.071 9.207 Supported 
H3c MT--MP 0.657 0.120 1.716 Supported 
 
8.3 Calculation of R2 and Predictive Relevance of the 
Model 
 
The R2 value is one of the methods that can be used to 
predict model accuracy in which a higher value of R2 
means a higher level of predictive accuracy. The 
model showed R2 value of 0.53 with predictive 
relevance of Q 2 > 0. This result showed that the model 
managed to explained more than 50% of variance in 
manufacturing performance and Q2 > 0 implied that 
the model has predictive relevance.  
 
9.0  DISCUSSION 
 
In this research, the results indicated that a higher level 
of external environmental factors represented by 
dynamism and hostility causes a lower level of 
manufacturing performance.  The performance was 
measured by both financial and nonfinancial 
measures. As anticipated, this finding was consistent 
with the earlier works of [93] and [64].  The findings 
from this research further cemented the work of [124], 
who stressed that environmental factors play a 
significant role in firm performance. Earlier researchers, 
such as [135], who also studied the relationship 
between environmental dynamism and environmental 
hostility, mentioned the existence of mediators in the 
form of manufacturing strategy and operation 
strategy. In an environment perceived to be 
threatening to the organization and the operation of 
any manufacturers, the affected manufacturers would 
have to react swiftly in order to maintain survival and 
ensure future prosperity. One of the main paths taken 
by manufacturers was through the realignment, 
readjustment and rethinking of their manufacturing 
strategy.  
 
9.1 Complementarity Effect of Multiple Manufacturing 
Strategies  
 
Lean as a strategy has long been recognized by 
prominent operation gurus and well established 
manufacturers, such as Toyota. Toyota’s lean 
manufacturing was born out of troubled economic 
times after World War II.  At one point, in 1948, Toyota’s 
cash flow was so severely affected that its debt was 
eight times more than its total capital [77].  In order to 
avoid bankruptcy, Toyota adopted a very strict cost 
cutting policy, which included staff pay cuts, the 
laying off more than 1,600 workers and, eventually, the 
resignation of its prominent leader Kiichiro Toyoda. In 
the 1950s, Keiichiri’s cousin Eiji Toyoda and Toyota’s 
plant manager Taiichi Ohno started to work on 
reinventing manufacturing after Eiji’s tour of American  
manufacturers. Expecting to see advanced 
manufacturing facilities and techniques, he was 
surprised to discover that mass production still 
dominated the US and no significant progress had 
happened since the 1930s.  Upon returning, Eiji asked 
Ohno to come up with a system that was more 
efficient and could at least match Ford’s mass 
production rate.  Starting from the shop floor, Ohno 
began to apply the principles of jidoka and one-piece 
flow. Inspired by the concept of supermarkets, Ohno 
added the ‘pull system’ and included the idea of 
kanban inventory. Jidoka is the principle of building 
quality into the product.  The combination of kanban 
and the ‘pull system’ produced the just-in-time (JIT) 
system. JIT is a set of principles, tools, and techniques 
that allowed Toyota to make and deliver products in 
small quantities, with a short lead time, to meet the 
quality requirements of the customer [77]. The strategy 
became even more discernible and spread globally 
when the oil crisis hit in 1973, which caused global 
recession [77]. Notably, lean manufacturing continued 
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to progress, and, in the 1990s, the global business 
community finally realized that focusing on quality will 
actually reduce cost more significantly than focusing 
on cost itself.  Based on empirical proof provided by 
scholars such as [4, 108,110], lean manufacturing 
undoubtedly fulfills the criteria of being a 
manufacturing strategy and has been deemed 
invaluable as it contributes positively to manufacturers 
performance.     
 
However, the implementation of lean production itself 
is complex.  The system requires additional tools and 
technologies [53, 56,137] and implementation 
guidelines or implementing handbooks are not readily 
available for interested companies. Therefore, in trying 
to implement lean, companies have no knowledge 
about the importance of the respective 
complementary strategies, such as manufacturing 
technologies, and rely solely on the opinions of experts 
[74], which might or might not work for their specific 
plants and operations.  The importance of adding 
technology to the lean system cannot be avoided, as 
to cope better with the uncertainties and disruptions in 
the dynamic market environment, more intelligent and 
flexible manufacturing systems are needed, a huge 
challenge, especially for the companies in which 
tooling and equipment require large capital 
investment [27,64,123].  Given the advantage of being 
flexible through automation, lean manufacturers 
should be able to respond to changes more 
effectively if strategic plans are properly developed 
ahead of their absolute need.  In respect of the 
findings from this research, Malaysian lean 
manufacturers cautiously approach the addition of 
manufacturing technology to their lean system. In 
contrast, an increase in dynamism and hostility 
surrounding the manufacturers does not suggest an 
increase in the implementation of manufacturing 
technology in their system.        
 
Such a suggestion could be due to several factors, 
such as the high cost of investment involved in order to 
implement manufacturing technology.  Thus, such a 
strategic choice cannot be handled lightly as a short-
term stop gap measure because it poses a risk of 
failure that could be detrimental to the financial well-
being of manufacturers; therefore, it requires careful 
planning and investigation prior to application.  As 
suggested by [89], the key to the successful 
introduction of automation to the lean system is 
choosing the right technology to be implemented in 
the production.   
 
The crucial aspect is the strategy of the Malaysian 
manufacturer in selecting and adopting suitable 
manufacturing technology to maximize the benefits, 
and to recoup the huge investment involved in its 
implementation. Another factor that could explain the 
cautious approach by the Malaysian manufacturers 
toward manufacturing technology is the nature of the 
lean manufacturing concept itself.  Lean 
manufacturing focuses more on labor creativity before 
turning to automation for a solution [89].  The basic 
concept of lean is to ensure that no waste is 
incorporated in the production system. Thus, deciding 
to include manufacturing technology as part of such a 
system would call for not only financial justification but 
operational justification of whether such an addition 
would result in an increase in efficiency or an increase 
in the production process, and deciding whether the 
inclusion would cause a more elaborate process and 
thus prove wasteful. Lean manufacturers such as 
Toyota do incorporate automation in their production, 
which includes an automated poka yoke and flexibility 
enhancement machines, which could offer a faster 
solution to the production issue.  
 
However, such ‘frugal’ incorporation is justifiable when 
its addition increases the flexibility and escalates the 
ability of production to support customized products 
with a lower changeover cost.  The lean concept also 
stresses high autonomy for the production line workers 
and that they are responsible for the processes and 
products that go through their stations. Thus, by 
including automation into the mix, higher skilled 
operators are needed to operate such an addition in 
the process line. Training is required for these operators 
in order for them to handle this extra responsibility, and 
demanding more resources and support from the 
manufacturers in order to produce higher skilled 
workers, which again raises the issue of whether 
additional mechanization would provide leverage for 
lean manufacturers to make such an attempt.              
 
However despite the cautious approach in the 
implementation of manufacturing technology at their 
plants, Malaysian lean manufacturers have exhibited 
confidence in the impact of such implementation.  In 
parallel to previous research namely [1, 68, 87,100, 129] 
manufacturing technology has been shown to have a 
positive impact on enhancing the performance of 
manufacturers, by strengthening the structural aspect 
of the organization. Accordingly, Malaysian 
manufacturers continue to demand the latest 
technologies, which amounts to a staggering value of 
RM30 billion annually [22, p.45]. Most of these 
technologies are acquired from various countries 
overseas [1].  Malaysia continues to remain a crucial 
importer of machinery equipment, and, by 2013, such 
investment amounted to RM35 billion.Such an 
astronomical figure indicates how despite the 
associated high risk and high financial obligation of 
investing in manufacturing technology, Malaysian 
manufacturers continue to use it as a strategic choice 
in order to continue gaining momentum in this 
competitive business environment.   
 
Provisional to strategic flexibility, this study suggested 
that manufacturers in Malaysia tend to adopt strategic 
flexibility when there is a higher level of dynamism and 
hostility in the environment.  However, interestingly, 
such a complementary effect was not observed due 
to the ensuing result, which indicated that an increase 
in strategic flexibility did not enhance manufacturing 
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performance, unlike the two other two strategies. In 
defining flexibility, emphasis on the level of flexibility 
must be considered [43].  By means of definition, 
flexibility is the ability of any organization to react to 
changes surrounding their operation.  The reaction 
could either be offensive or defensive, as shown in this 
research.  Flexibility has always been linked to 
environmental uncertainty, comprising elements that 
include (but not limited to) agility, adaptability and 
robustness.  The level of flexibility could be as low as 
operational flexibility, such as an individual production 
line or specific machinery, or could be as high as 
corporate level, which includes expansion, market 
penetration as well as plant capacity flexibility.  Based 
on the studies of past researchers [33,37,51,92,105, 
124], the implementation of flexibility at the strategic 
level always results in an increase in performance and 
manufacturers choose to incorporate various types of 
flexibility in order to remain agile and responsive to any 
changes in the environment.  The result of this 
research, however, suggests otherwise.   
 
The outcome from this research implies that from the 
standpoint of lean manufacturers in this study, 
strategic flexibility could in fact negatively influence 
manufacturing performance.  This result is clearly 
different from the earlier outcomes of previous 
research on strategic flexibility and manufacturing 
performance.  Strategic flexibility was measured in this 
study through three different dimensions – change in 
capacity, process efficiency and product 
development. Closer inspection on the entity of this 
study was done in order to explain the relevance of 
such a finding.  The most obvious element of the 
research was the fact that, demographically, 70% of 
respondents in this study consisted of multinational 
corporations (MNCs) and joint venture companies.  
Previous research on MNCs and joint venture 
companies in Malaysia revealed that these business 
units serve as subsidiaries to headquarters (HQ) or 
parent companies, located overseas. The relationship 
of subsidiaries to their HQ’s varies among companies, 
but, notably, in some aspects, overlaps, such as the 
degree of control mechanisms put in place by the HQ. 
There are many types of control mechanism, one such 
being the control of decision making or autonomy. The 
degree of autonomy given to subsidiaries in respect of 
several aspects, such as the development of the 
product itself [140], the strategic sensitiveness of 
knowledge-related activities [14, 85] and 
responsiveness toward a long-term strategic approach 
[32] have long been found to be inadequate.  
Although these groups of manufacturers recognized 
the importance of proper integration in their 
multinationals in order to be flexible, implementing it is 
not as straight forward and simple. Previous research 
[39,91] on local MNCs and JVs indicated how 
regardless of these operating plants being located in 
Malaysia, major changes involving innovation and 
approaches to various strategic blueprints and 
decisions are still being coordinated, commanded 
and controlled by their HQs.  From the perspective of 
these locally located companies, they are given the 
responsibility to manufacture goods as directed, and, 
most of the time, local managers are not being 
involved by their HQs in terms of long-term planning 
and decision-making.   The findings from this research 
support the notion that local manufacturers could 
have focused more on the short-term perspective, and 
neglecting the long-term (strategic) approach at the 
plant level.  The responsibilities of local manufacturers 
are confined to implementing manufacturing 
strategies that involve order completion and cost 
reduction.  Local managers hardly ever have the time 
or opportunity to contribute to strategic planning and 
decision-making. The research findings concur with the 
previous research involving Malaysian manufacturers 
conducted by [32], in which it was shown how the 
factual priorities of the managers of local 
manufacturers are more inclined toward meeting 
short-term goals. Emphasis was mostly on operational 
flexibility at the plant, based on meeting production 
capacity and optimizing the production lines to serve 
the manufacturers better in contributing toward order 
fulfillment and cost reduction. This could be one of the 
reasons why local manufacturers focus intensely on 
meeting customer orders instead of being actively 
involved in any strategic planning activities.  Several 
other studies on Malaysian MNCs also corroborate 
how HQ provides support in the form of consultants 
[91] while still exclusively retaining strategic decision-
making and planning within the jurisdiction of the 
parent company [39]. Similarly, there is also the 
possibility that Malaysian manufacturers view new 
processes or products as potentially disruptive to the 
current established products and processes.  In other 
words, manufacturers might consider major changes 
that come with the introduction of new products or 
processes or sources of raw material as arduous as it 
requires the manufacturing system to adapt to ‘new’ 
elements, which, in turn, could reduce the 
performance of routine operations, whilst disrupting 
the existing stability of ‘in house’ production. Such 
disruption could cause these manufacturers to fail to 
attain their objectives, such as targeted order 
completion, assigned production lead time, and, in 
due course, delay the delivery of products to the 
customers.  This outcome is similar to that reported by 
[10] in which flexibility was viewed as a trade-off for 
efficiency during model changeover at the Toyota 
plant itself, especially when the human resources 
involved lack the necessary knowledge and skill to 
handle it properly.    
 
Another issue that might clarify this finding is the level 
of flexibility measured in this research and the overall 
focus of local lean manufacturers. While 
manufacturers prefer operation flexibility, strategic 
flexibility is the outcome of the cumulative operation 
level flexibility that impacts the long-term goal of the 
companies. Apart from being a potent tool against 
handling environmental challenges, strategic flexibility 
ensures that the manufacturers operate as optimal 
cost producers instead of the lowest cost producer to 
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the market.  However, as lean producers, these 
manufacturers might have made various changes by 
eliminating waste and increasing value throughout 
their process; again the attention being on the 
operation where process optimization remains as the 
main core target of production.  Therefore, clearly the 
focus of locally located manufacturers remains on 
their ability to achieve plant level targets as lean 
manufacturers instead of the overall strategic goals of 
the global focused HQs. A similar inclination of 
Malaysian manufacturers toward operational flexibility 
in meeting customer demands was also observed in 
an earlier study by [9, 141]. Hence, while implementing 
these required flexibility elements in their operations, as 
required by the HQs, local lean manufacturers in this 
study were unable to distinguish the positive impacts 
of these elements on their performance. Thus, as 
exhibited in the outcome of this research, such 
strategic level flexibility was viewed as detrimental to 
the overall manufacturing performance by these 
Malaysian lean manufacturers. 
 
10.  CONCLUSION 
 
This study reveals the significant impact of the external 
business environment on the Malaysian manufacturing 
sector and the consequences if the manufacturers are 
not able to react strategically thereto.  The 
importance of the contribution of the manufacturing 
sector to the Malaysia economy remains the main 
reason why the researcher chose to embark on this 
study. Based on the previous negative impact from the 
unsettled global economy that presented 
manufacturers various challenges to their operational 
stability, manufacturers have no choice but to figure 
out the best and most fitting way to protect their 
internal core from the effects of the external factors. It 
outlines the strategy-performance model for Malaysian 
lean manufacturers.      
This research also reveals how multiple 
manufacturing strategies could help manufacturers to 
overcome and cushion the aforementioned 
challenges in order to stay competitive and remain 
profitable. However, from the perspective of 
manufacturers, choosing the right strategy is also 
crucial and contingent to the threats they face.  This 
research model shows how important it is to decide 
which strategy to choose in order to protect their 
operation and yet remain competitive enough to be 
cost effective and profitable in the long-run.  One 
thing for sure, heavy dependence on global trade is 
unavoidable as Malaysian manufacturers continue to 
expand their standings in the global market.  Most 
previous research in the area of manufacturing took 
the traditional approach of choosing a ‘stance’ or any 
type of manufacturing strategy to adhere to, upon 
which the operation of the company would be based.  
Although this type of approach does work, the rigidity 
limits its expansion and customization, which has 
prevented it from being holistic enough to be 
embraced in totality for a long time.  Due to the ever 
changing conditions of the external environmental 
factors, a rigid approach to how any firm should react 
to these changes would be detrimental to the 
company.  The researcher acknowledges that while 
changing strategies frequently is not the answer, 
neither is sticking to strategies that do not work.  Due to 
such an argument, and the wide variety of types of 
manufacturing, manufacturers should be able to pick 
and choose the strategies that best suits them. This is 
why the content approach to manufacturing strategy 
is suitable. By looking at what is actually available and 
best suited to its core operation requirement, 
manufacturers would be able to specifically customize 
their manufacturing strategy according to the needs 
and requirements of their external and internal 
operational needs.  At the end of the day, such a 
choice should be to help manufacturers perform 
better and yield more profit irrespective of the 
challenges that come their way. While the 
government rigorously continues to establish an ideal 
manufacturing environment in terms of building more 
infrastructure in manufacturing zones around Malaysia, 
upgrading the transportation system, providing 
incentives to encourage the training of skilled workers, 
etc., at the end of the day, the manufacturers 
themselves must develop the capability to operate in 
a very dynamic environment and thus take charge to 
compete globally.            
 
In addition, this research also disclosed the trait of lean 
manufacturers when it comes to complementary 
strategies within their operation. The literature pointed 
out how several implemented strategies would be 
complementary to each other and add value to the 
overall composition of the strategies used. Here, the 
study brought to light how lean manufacturing and 
manufacturing technology help mediate the impact 
of external challenges and increase manufacturing 
performance. The tested model provides a good 
understanding of the factors that explain 
manufacturing performance with high predictability 
value and high variance. The combination of all three 
manufacturing strategies managed to explained more 
than half of the manufacturing performance variance, 
thus indicating how when implemented together 
these three strategies can significantly affect the 
outcome of lean manufacturers performance.   
 
In conclusion, the study of manufacturing strategy-
manufacturing performance should continue to 
receive complete and substantial attention from 
manufacturing based researchers.  In relation to the 
increasing global changes that provide both 
opportunities and threats, the study will prove to be 
crucial to the overall dynamics of Malaysia’s economy 
and well-being. Given the critical impact of 
manufacturing performance on Malaysia’s economy, 
it is the hope of the researcher that this study sheds 
some light on the enablers of high performing 
manufacturing systems so that future research could 
explore the subject more rigorously and 
comprehensively.    
11                                                          
 
 
 
11.   SUGGESTION FOR FUTURE RESEARCH 
The results suggest that future research would be 
helpful to provide a deeper understanding of 
Malaysian manufacturing strategies and their 
performance in dealing with external business threats 
and challenges. This research clearly indicates that 
there is more ground to explore, investigate and 
understand in the area of manufacturing 
performance. As it is obviously vital to the well-being of 
the nation’s economy, manufacturing performance 
should remain the core of scholarly research.   In terms 
of measuring the performance, future research should 
focus on the wider dimension of future measurement 
to ensure it will be able to capture and provide a more 
thorough and case sensitive measurement tool for 
manufacturing performance. New elements, such as 
innovation capability; supply chain flexibility; dynamic 
capability; as well as environmental indicators, such as 
green manufacturing, should be considered as part of 
the manufacturing performance in future research.  
 
In addition, future research should also consider 
additional manufacturing strategies to be included as 
part of the research framework. While three strategies 
were included in this research, with the continual 
advancement made in the application of structural 
equation modeling, more complicated models could 
be tested in the future. Strategy studies are very 
complicated and can sometimes appear arbitrary, 
especially with a wider and deeper choice of new 
approaches to the concepts. Therefore, more 
complicated models are likely to appear soon on the 
horizon and require empirical proof.  
 
Lastly, future research should also look into enlarging 
the scope of this study to increase the generalizability 
of the research outcome. Widening the area of focus 
to include as many manufacturers as possible will 
provide better and more representative data. Apart 
from larger industry involvement, respondents from the 
manufacturers should also include operation level 
workers that carry out and practice hands on 
manufacturing strategy; however, the inclusion of 
managerial and executives should still be included in 
order to ensure the strategic level data will also be 
captured. These two approaches will ensure a 
complete encapsulation of the perspective from the 
manufacturers. The existence of quasi-paradoxical 
variables further indicates that a longitudinal study 
would be encouraged to further investigate the nature 
of such relationships.   
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